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Abstract: Optical fiber based twist sensors usually suffer from high cross sensitivity to strain. 
Here we report a strain independent twist sensor based on an uneven platinum coated hollow 
core fiber (HCF) structure. The sensor is fabricated by splicing a section of ~4.5-mm long 
HCF between two standard single mode fibers, followed by a sputter-coating of a very thin 
layer of platinum on both sides of the HCF surface. Experimental results demonstrate that 
twist angles can be measured by monitoring the strength change of transmission spectral dip. 
The sensor’s cross sensitivity to strain is investigated before and after coating with platinum. 
It is found that by coating a platinum layer of ~9 nm on the HCF surface, sensor’s cross 
sensitivity to strain is significantly decreased with over two orders of magnitude less than that 
of the uncoated sensor sample. The lowest strain sensitivity of ~ 2.32 × 10ିହ dB/ߤઽ has been 
experimentally achieved, which is to the best of our knowledge, the lowest cross sensitivity to 
strain reported to date for optical fiber sensors based on intensity modulation. In addition, the 
proposed sensor is capable of simultaneous measurement of strain and twist angle by 
monitoring the wavelength shift and dip strength variation of a single spectral dip. In the 
experiment, strain and twist angle sensitivities of 0.61 pm/ߤઽ and 0.10 dB/° have been 
achieved. Moreover, the proposed sensor offers advantages of ease of fabrication, miniature 
size and a good repeatability of measurement.  
© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 
1. Introduction 
Twist/torsion is a key parameter that is frequently encountered for structure health monitoring 
in numerous applications, such as in evaluating the heath conditions of bridges, buildings, 
tunnels, dams and pipelines [1]. Compared to traditional electromagnetic and electronic 
sensors, optical fiber based twist/ torsion sensors have been attracting intensive interest due to 
their inherent advantages such as compact size, light weight, immunity to electromagnetic 
interference and a remote sensing ability. 
    To date, a number of optical fiber based twist sensors utilizing different fiber structures 
have been proposed. In general, those sensors can be mainly categorized into two types 
depending on their operation principles. One type is grating based twist sensors [2-8], while 
the other type is based on interferometry [9-17]. Fiber grating based twist sensors suffer from 
relatively low twist sensitivity, complex fabrication process and expensive fabrication 
equipment (e.g. Excimer laser and phase masks). Interferometer based twist sensors, on the 
other hand, have advantages of a relatively simple fabrication process and a much higher 
twist sensitivity, hence a variety of fiber structure configurations based on different 
customized and specially designed fibers for monitoring twist have been proposed [9-17]. 
Among them, Mach-Zehnder interferometer (MZI) and Sagnac interferometer (SI) have been 
attracting most of the attention. For example, a square no-core fiber [9], a suspended twin-
core fiber [10] and a tapered single mode-thin core-single mode fiber structure have been 
reported for twist monitoring based on MZI configurations [11]. Polarization maintaining 
fibers (PMFs) and photonic crystal fibers (PCFs) are widely used in SI based twist sensors 
[12-17]. However, most of the optical fiber based twist sensors mentioned above suffer from 
high cross sensitivity to strain, even for the PMFs based twist sensors which have been 
reported with very low cross sensitivities to temperature [14, 16].  
    There have been a few strain insensitive twist sensors reported recently. For example, L. A. 
Fernandes et al. [2] reported a stress independent torsion sensor based on a helical Bragg 
grating waveguide structure, but the sensor itself shows a poor repeatability test of 
measurement. O. Frazao et al. [10] proposed a both temperature and strain independent 
torsion sensor based on a fiber loop mirror structure using a suspended twin-core fiber, but 
the sensor shows a very low twist sensitivity of 0.012 dB/°, which may result in a large 
measurement error even for a small intensity variation. J. Wo et al. [5] and B. Huang et al. 
[13] have experimentally demonstrated strain independent high sensitivity twist/torsion 
sensors based on a dual-polarization distributed Bragg reflector fiber grating laser and an 
optical fiber reflective Lyot filter structure, respectively. However, these two sensors suffer 
from disadvantages of long sensor head (over 30 mm) and complex signal interrogation 
systems. 
In our previous work, we have reported a miniature size hollow core fiber (HCF) based 
fiber structure with high Q transmission dips and large extinction ratios [18]. An ultra-
sensitive twist sensor (up to 0.717 dB/°) has been also demonstrated based on dip strength 
modulation by applying a thin layer of partial silver coating on the HCF surface [19]. 
However, it is found that the twist sensitivity of the HCF structure is dependent on the change 
of strain applied on it. To address the challenge of strain introduced variations in twist 
sensitivity, in this work, we propose a strain independent twist sensor based on an uneven 
platinum coated hollow core fiber structure. In addition, the proposed sensor is demonstrated 
to be able to measure strain and twist angle simultaneously by monitoring a single dip’s 
wavelength shift and dip strength change, respectively. Usually, for optical fiber based 
sensors simultaneous measurement of multi-parameters is realized with multiple sensors by 
monitoring two or more dips’ spectral responses, establishing a characteristic matrix and then 
the measurement result for each parameter is obtained by solving this matrix [20-21]. 
Compared to the complex sensor configurations and data acquisition systems used before, our 
proposed sensor is simpler and easier to use in real applications because only a single sensor 
is required to be monitored, when both strain and twist are applied to the same sensor.. 
2. Theoretical model and analysis 
Figure 1 illustrates a schematic diagram of the proposed HCF based fiber structure with 
uneven platinum coating (double-sided coating as shown in Fig. 1(b)) at the outer cladding 
surface of HCF. Light transmission inside the fiber structure is illustrated in Fig. 1(a) only for 
the top half of the structure for the sake of clarity. A schematic diagram showing the cross-
section of the HCF based structure after double-sided platinum coating is given in Fig. 1(b). 
Due to the multiple beams interferences introduced by the silica cladding, periodic 
transmission dips are obtained [18]. 
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changed; (c) Measured spectral dip strength change when twist is applied to the HCF structure 
at three different strain values of 0, 600 ߤઽ, and 1200 ߤઽ, respectively. 
The effect of strain on the HCF sensor without platinum coating (S1-0) was firstly 
investigated and the experimental results are presented in Fig. 4. Before applying strain to the 
HCF, the transmission spectral dip was adjusted to the largest dip strength using PC. If the PC 
is fixed and hence the input light polarization state is maintained constant before the light 
enters the twist fiber section during the strain test, the spectral dip moves monotonically to a 
shorter wavelength with a significantly decreased dip strength (>7.5 ݀ܤ ) as the strain 
increases from 0 to 1200 ߤઽ as shown in Fig. 4(a). However, a much smaller variation in the 
dip strength (<1.5 ݀ܤ) is observed in Fig. 4(b) when PC is adjusted to achieve the strongest 
dip strength during the strain test. Ideally, a bare HCF based structure has isotropic properties, 
no spectral dip strength variations would be expected under strain and twist. However this 
situation changes due to the existence of residual stress and core ellipticity originating from 
the practical fiber fabrication process, resulting in anisotropic properties and hence 
birefringence in the fiber structure (Birefringence is an optical property of a material in which 
index of refraction depends on the polarization and propagation direction of light). 
Birefringence induces the changes of the polarization state of the input light [22], and 
accordingly leads to the change of the reflection coefficients at the silica/air interface (Eqs. 
(4) and (5)), which eventually resulting the dip variations. It is widely reported in literature 
that both strain and twist produce birefringence in optical materials [22], Bigger strain applied 
on the HCF structure introduces larger birefringence variations and thus bigger changes in 
reflection coefficients at the silica/air interface, and hence a higher twist sensitivity is 
observed in Fig. 4(c). The average twist sensitivity measured at 1200 ߤઽ is over three times 
higher than that measured at 0 ߤઽ when the twist angle is changed from 0° to 100°. The 
maximum twist sensitivity at 1200 ߤઽ is up to ~0.18 ݀ܤ/° between 10° and 40°. 
Next, the effects of strain and twist on the uneven platinum coated HCF sensors were 
investigated. Figs. 5(a) and 5(b) show the dips strength changes and their normalized dips 
strength change with the increase of strain for sensor samples S1-0, S2-30, S3-60, and S4-90 
when the input light polarization is constant. As one can see from the figures, when the 
platinum coating layer thickness increases, the dip strength variation is getting smaller and 
smaller as the strain increases from 0 to 1200 ߤઽ. Sensor’s cross sensitivity to strain is 
decreased by over two orders of magnitude to 2.32 × 10ିହ ݀ܤ/ߤઽ as the coating thickness 
increases from 0 to ~9 nm, which is, to the best of our knowledge, the lowest cross sensitivity 
to strain for twist sensors based on intensity modulation [4, 13]. It is hence concluded that in 
the case of the HCF structure coating with platinum helps to decrease the dependence of light 
polarization on the axial strain. The underlying cause of the observed strain independent 
properties after coating with platinum is not yet fully clear, however the decreased dip 
strength following coating with platinum certainly contributed to the strain independent 
behavior.  In our previous work [19], we have theoretically demonstrated that the dip’s 
strength decreases significantly as ݎଶ  deviates from ݎଵ further (as a result of platinum layer) 
but with a reduced dip strength changing rate. Thus, for an uncoated HCF structure, a small 
variation in the reflection coefficients at the air/silica interfaces introduced by strain will 
produce a large dip strength change since ݎଶ  is very close to  ݎଵ. On the other hand, when the 
HCF is coated with platinum, the difference between ݎଶ  and ݎଵ is increased, which leads to a 
much smaller dip strength change for the same reflection coefficients variations when strain is 
applied. Fig. 5(c) shows an example of the corresponding spectral response under different 
strains for sample S4-90, which gives a spectral shift based strain sensitivity of 0.61 pm/ ߤઽ.  
Fig. 5
when 
respec
Figure 6(a)
from 0° to 110
and S4-90. I
smaller and s
with the resu
change variati
measurement.
for S4-90 is s
clockwise dir
wavelength of
The twist 
described as t
incidence ang
of total intern
polarized ligh
reflection coe
pre-designed 
introduce an a
to a large va
interface, and
Figure 6(d
deviation in t
varies from -
clearly demon
the resolution
. (a) Measured sp
different strains
tively; (c) Examp
 shows an exa
° under applie
t can be seen 
maller with th
lts shown in 
on at 0 ߤઽ and
 An example o
hown in Fig. 6
ections), the tr
 the dip remai
sensing effec
he vector sum
le at the interf
al reflection, 
t [23]. Twist w
fficients, and 
uneven platin
symmetric RI
riation on the
 consequently 
) summarizes
wo rounds of 
110° to 110°. 
strates that the
 of the rotator
ectral dip streng
 are applied to
les of measured sp
mple of a spe
d strains of 0 ߤ
that the measu
e increase of t
Fig. 5(a). Sen
 1200 ߤઽ is th
f changes in th
(b). As the tw
ansmission dip
ns almost unch
t could be un
 of S-polarized
ace between th
the S-polarize
ill introduce c
will eventually
um coating an
 distribution ov
 reflection co
resulting in a l
 the changes
increase-decre
The maximum
 sensor has a v
 is around 1° 
th changes and (b
 sensor samples
ectral responses o
ctral dip stren
ઽ and 1200 ߤઽ
red deviation 
he platinum co
sor S4-90 wh
en chosen for 
e transmission
ist angle incre
 strength decr
anged.  
derstood as f
 and P polariz
e air core and 
d light is alw
hanges in P an
 result in the
d the actual
er the outer su
efficient at th
arge power va
 of the spect
ase cycles tes
 measured st
ery good repe
only. The max
) Normalized dip
 S1-0, S2-30,S3
f S4-90 under dif
gth changes a
 for sensor 
of the dip stre
ating thickne
ich shows the
a more detaile
 dip strength 
ases (in both 
eases monoton
ollows. Light
ed light comp
cladding is les
ays more stro
d S componen
 dip strength c
uneven coatin
rface of the H
e outer silica
riation as illus
ral dip streng
ts (four times 
andard deviati
atability of m
imum twist se
 strength change
-60 and S4-90
ferent stains.  
s the twist ang
samples S2-3
ngth change 
ss, which matc
 smallest dip
d investigation
at different tw
clockwise and
ically while th
 polarization 
onents. When
s than the criti
ngly reflected
ts, hence the c
hange. Furthe
g in all the d
CF (Fig. 6(c))
 cladding/pla
trated in Fig. 6
th and their 
test) as the tw
on is ~0.08 ݀
easurement co
nsitivity is ~0
 
 
, 
le varies 
0, S3-60 
is getting 
hes well 
 strength 
 of twist 
ist angles 
 counter-
e central 
could be 
 the light 
cal angle 
 than P-
hange of 
rmore, a 
irections 
, leading 
tinum/air 
(b).  
standard 
ist angle 
ܤ, which 
nsidering 
.10 ݀ܤ/° 
appears for tw
low compared
due to a muc
suspended tw
twist sensor 
surface plasm
very low cros
Fig. 6
and S
respon
twist 
deviat
structu
Figures 7(
change under
the sensor S4
performance 
maximum sta
the repeatabil
sensor. Senso
investigated a
change at diff
demonstrates 
sensitivity. Fi
at specific tw
sensitivity of
sensitivities t
1.89 × 10ିଶ °
ist angles betw
 to our previo
h decreased d
in-core fiber b
[4], three time
on resonance 
s sensitivity to
. (a) Measured spe
4-90 at 0 ߤઽ an
se of S4-90 unde
angles; (d) Meas
ion in two roun
re. 
a) and 7(b) i
a counter cloc
-90. As can 
repeatability 
ndard deviatio
ity test at 0 ߤઽ
r’s temperatur
nd shown in 
erent tempera
that the tempe
gs. 7(c) and 7(
ist angles with
~0.10 dB/° f
o strain and t
/°C, respectiv
een 20° and 4
usly reported
ip strength [1
ased twist sen
s higher than
[8]. Most imp
 strain. 
ctral dip strength
d 1200 ߤઽ, respe
r twist; (c) Schem
ured spectral dip
ds increase-decre
llustrate stand
kwise twist w
be seen from
under differen
n of only ~0.0
, indicating th
e dependence 
Fig. 7(b). The
ture values fro
rature has a s
d) show examp
 different stra
or twist angle
emperature at
ely. It is noted
0°. It is noted
 twist sensor b
9]. However,
sor [10], six ti
 an Au-coate
ortantly, the 
 changes under tw
ctively; (b) An 
atic diagram show
 strength change
ase cycles test w
ard deviation 
hen different 
 Fig. 7(a) th
t strain valu
4 ݀ܤ which i
at S4-90 can 
varies in the r
 standard dev
m 22.8°C to 4
mall effect on
les of the mea
ins and temp
s between 20
 40° are calcu
 that given tha
 that the twist
ased on a par
 it is still eig
mes higher tha
d tilted FBG 
proposed sens
ist for sensor sam
example of the m
s the E-field orien
s and the corres
hen twist is app
plots of the 
strain and tem
e sensor S4-9
es from 0 ߤઽ
s even smaller
be used as a s
ange from 22.
iation of the 
7.4°C, increa
 the dip streng
sured spectral
eratures applie
° and 40°, th
lated to be ~
t the central w
 sensitivity is r
tial silver coa
ht times highe
n a normal FB
twist sensor 
or in this wo
ples S2-30, S3-60
easured spectral
tation at different
ponding standard
lied to the HCF
measured dip
perature are ap
0 shows a v
 to 1200 ߤઽ
 than that me
train-independ
8 °C to 47.4 °
measured dip
ses to ~0.09 ݀
th and hence 
 dip strength v
d. Considerin
e correspondi
 9.64 × 10ିସ 
avelength of 
elatively 
ted HCF 
r than a 
G based 
based on 
rk shows 
 
 
 
 
 
 
 strength 
plied on 
ery good 
, with a 
asured in 
ent twist 
C is also 
 strength 
ܤ, which 
the twist 
ariations 
g a twist 
ng cross 
°/με and 
the dip is 
almost fixed d
is possible to 
spectral shift 
Fig. 7
differe
1000 
41.4 °
spectr
tempe
5. Conclus
In conclusion
uneven platin
introduces ad
higher twist s
coating thick
significantly d
low strain se
2.32 × 10ିହ ݀
measurement 
shift and dip s
Funding 
Shenzhen Pe
2016YFE012
11874332); T
National maj
uring the twis
achieve simul
and dip strengt
. Measured spectr
nt axial strains ap
ߤઽ to 1200 ߤઽ, an
C, and 47.4 °C 
al dip strength v
ratures. 
ion 
, a strain inde
um coated ho
ditional birefr
ensitivity unde
nesses have b
ecreases the 
nsitivity to th
ܤ/ߤઽ when 
of strain and t
trength variati
acock Talent 
6500, Nationa
he fundament
or scientific 
t test while the
taneous measu
h change, resp
al dip strength cha
plied to the HCF
d at (b) different 
when twist is ap
ariations at speci
pendent twist
llow core fibe
ingence for th
r larger strain 
een studied. 
proposed twis
e sensor’ spec
the coating 
wist angle is a
on, with sensit
Program; Nat
l Natural Sci
al research fun
research instr
 dip strength a
rement of stra
ectively.  
nges and the corr
 structure of 0 ߤઽ
temperatures of 2
plied to the HCF
fic twisted angle
 sensor is pro
r structure. E
e uncoated ho
is observed. Se
It is found th
t sensor’s cros
tral dip stren
thickness is
chieved by m
ivities of 0.61
ional Key R&
ence Foundati
ds for the ce
ument develo
lso does not c
in and twist a
esponding standa
, 200 ߤઽ, 400 ߤઽ
2.8 °C, 27.6 °C, 
 structure. Exam
s for (c) differen
posed and inv
xperimental r
llow core fib
nsor samples 
at a thin laye
s sensitivity t
gth change is
 ~9 nm. In 
onitoring the s
 pm/ ߤઽ and 0.
D Program 
on of China 
ntral universit
pment projec
hange with the
ngle by meas
rd deviation at (a)
, 600 ߤઽ, 800 ߤઽ
32.2 °C, 36.8 °C,
ples of measured
t strains and (d)
estigated bas
esults show th
er structure a
with different 
r of platinum
o strain. An e
 demonstrated
addition, simu
pectral dip wa
10 ݀ܤ/°, respe
of China und
(Grant No. 6
ies (HEUCFG
t of Natural
 strain, it 
uring the 
 
 
, 
 
 
 
ed on an 
at strain 
nd hence 
platinum 
 coating 
xtremely 
 of only 
ltaneous 
velength 
ctively. 
er grant 
1575050, 
201841); 
 Science 
Foundation of China (Grant. No. 61727816); Department for Agriculture, Food and the 
Marine, Ireland (Grant No. 17F284).  
References 
 
1. H.N. Li, D.S. Li, G.B. Song, “Recent applications of fiber optic sensors to health monitoring in civil 
engineering,” Eng. Struct. 26(11), 1647-1657 (2004). 
2. L. A. Fernandes, J. R. Grenier, J. S. Aitchison, and P. R. Herman, “Fiber optic stress-independent helical 
torsion sensor,” Opt. Lett. 40(4), 657–660 (2015). 
3. Y. J. Rao, T. Zhu, and Q. J. Mo, “Highly sensitive fiber-optic torsion sensor based on an ultra-long-period fiber 
grating,” Opt. Commun. 266(1), 187–190 (2006). 
4. Y. W., M. Wang, and X. Q. Huang, “In fiber Bragg grating twist sensor based on analysis of polarization 
dependent loss,” Opt. Express 21(10), 11913–11920 (2013). 
5. J. Wo, M. Jiang, M. Malnou, Q. Sun, J. Zhang, P. P. Shum, and D. Liu, “Twist sensor based on axial strain 
insensitive distributed Bragg reflector fiber laser,” Opt. Express 20(3), 2844–2850 (2012). 
6. L. L. Shi, T. Zhu, Y. E. Fan, K. S. Chiang, and Y. J. Rao, “Torsion sensing with a fiber ring laser incorporating 
a pair of rotary long-period fiber gratings,” Opt. Commun. 284(22), 5299–5302 (2011). 
7. X. Chen, K. Zhou, L. Zhang, and I. Bennion, “In-fiber twist sensor based on a fiber Bragg grating with 81 tilted 
structure,” IEEE Photon. Technol. Lett. 18(24), 2596–2598 (2006). 
8. C. Shen, Y. Zhang, W. Zhou, and J. Albert, “Au-coated tilted fiber Bragg grating twist sensor based on surface 
Plasmon resonance,” Appl. Phys. Lett. 104(7), 071106 (2014). 
9. B. B. Song, Y. P. Miao, W. Lin, H. Zhang, J. X. Wu, and B. Liu, “Multi-mode interferometer-based twist 
sensor with low temperature sensitivity employing square coreless fibers,” Opt. Express 21(22), 26806–26811 
(2013). 
10. O. Frazao, R. M. Silva, J. Kobelke, and K. Schuster, “Temperature- and strain-independent torsion sensor using 
a fiber loop mirror based on suspended twin-core fiber,” Opt. Lett. 35(16), 2777–2779 (2010). 
11. W. Nia, P. Lu, D. Liu, J. Zhang, S. Jiang, “A highly sensitive twist sensor without temperature cross sensitivity 
based on tapered single-thin-single fiber offset structure,” 25th International conference on Optical fiber sensors 
(OFS-25), Proc. of SPIE, 10323, 103235D (2017). 
12. B. Song, H. Zhang, Y. Miao, W. Lin, J. Wu, H. Liu, D. Yan, and B. Liu, “Highly sensitive twist sensor 
employing Sagnac interferometer based on PM-elliptical core fibers,” Opt. Express 23(12), 15372–15379 
(2015). 
13. B. Huang, X. Shu, and Y. Du, “Intensity modulated torsion sensor based on optical fiber reflective Lyot filter,” 
Opt. Express 25(5), 5081-5090 (2017). 
14. H. M. Kim, T. H. Kim, B. K. Kim, and Y. J. Chung, “Temperature-insensitive torsion sensor with enhanced 
sensitivity by use of a highly birefringent photonic crystal fiber,” IEEE Photon. Technol. Lett. 22(20), 1539–
1541 (2010). 
15. T. Hu, Y. Zhao, D. Wu, “Novel torsion sensor using a polarization maintaining photonic crystal fiber loop 
mirror,” Instrum. Sci. Technol. 44(1), 46–53 (2016). 
16. P. Zu, C. C. Chan, Y. X. Jin, T. X. Gong, Y. F. Zhang, L. H. Chen, and X. Y. Dong, “A temperature-insensitive 
twist sensor by using low-birefringence photonic-crystal-fiber-based Sagnac interferometer,” IEEE 
Photon.Technol. Lett. 23(13), 920–922 (2011). 
17. W. Chen, S. Lou, L. Wang, H. Zou, W. Lu, and S. Jian, “Highly sensitive torsion sensor based on Sagnac 
interferometer using side-leakage photonic crystal fiber,” IEEE Photonics Technol. Lett. 23(21), 1639–1641 
(2011). 
18. D. Liu, Q. Wu, C. Mei, J. Yuan, X. Xin, A.K. Mallik, F. Wei, W. Han, R. Kumar, C. Yu, S. Wan, X. He, B. 
Liu, G.-D. Peng, Y. Semenova, G. Farrell, “Hollow Core Fiber Based Interferometer for High Temperature 
(1000 °C) Measurement”, J. Lightwave Techno. 36(9), 1583-1590 (2018). 
19. D. Liu, R. Kumar, F. Wei, W. Han, A. K. Mallik, J. Yuan, C. Yu, Z. Kang, F. Li, Z. Liu, H.-Y. Tam, G. Farrell, 
Y. Semenova, and Q. Wu, “Highly sensitive twist sensor based on partially silver coated hollow core fiber 
structure,”  J. Lightwave Techno. 36(17), 3672-3677 (2018). 
20. D. Liu, R. Kumar, F. Wei, W. Han, A. K. Mallik, J. Yuan, S. Wan, X. He, Z. Kang, F. Li, C. Yu, G. Farrell, Y. 
Semenova, and Q. Wu, “High sensitivity optical fiber sensors for simultaneous measurement of methanol and 
ethanol,” Sen. Actuators B : Chem. 271, 1-8 (2018). 
21. H. Lu, Y. Yue, J. Du, L. Shao, T. Wu, J. Pan and J. Hu, “Temperature and liquid refractive index sensor using 
P-D fiber structure-based Sagnac loop,” Opt. Express 26(15), 18920-18927 (2018). 
22. V. Budinski and D. Donlagic, “Fiber-optic sensors for measurements of torsion, twist and rotation: a review,” 
Sensors, 17(3), 443 (2017). 
23. C. A. Dimarzio, Optics for engineers (CRC, 2011), pp. 147. 
